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BATTtRY ANODE OF UTHIUM SECONDARY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a spinal etmeture UxMn204 compound 
specified rn a Li/Mn atoraio ratio, used for secondary battery, and enabling a large 
'In^" discharge capacity of the lithium battery usine t^e spinel structijre 
lJXMn204 as an active anode substance by twic« ealeinine manganese dioxide end 
l!r«!".T-rf-^ specific particle diameters, respectively 

SOLUTION: Electrolytic magnesium dioxide and lit hium oarbonate having particle 
diameters, respectively, are ealcined in a lithiumT^^nganese molar mtio of 0 51- 
0.53 at a temperature (gOO^^SQ-^ above the melting decomposition 
temperature cf the lithium carbonate, cooled, ground and again calcined at a high 
temperature of 7GO-7SOl^to obtain the s^^^atvn: Li2Mn204 more 
improyed in the homogeneity of U-Mn distribution than that when the raw 
matenals are mwed. The reaction is a solidHiquid reaction, and the spinel 
compound is produced ivlthin lOhr. The operabillty is also Improved. Although the 
first produced spinel compound is a compound exhibiting a single phase by an X- 
^ drffi^ction method (XRD). having a oubic s ystem lattice constant oF < 

Lw^^If * ' " "^yf."" ^r^. ^'"3" a discharge capacity, the compound is again 
calcined for ensunng the elimination of Mn203 and Li2Mn03 phases to obtain the 
oty active product. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] this invention relates to the manufacture method of LixMn 204 of Spinel 
structure used for a positive active material in the lithium secondary battery which makes intercalation 
compounds, such as metal lithium or lithium-graphite (lithium-carbon), a negative-electrode active 
material. 
[0003] 

Pescription of the Prior Art] as the main manufacture methods of LixMn 204 of Spinel structure - a 
lithium carbonate, Mn 203, or Mn 304 — predetermined - a mole ratio - it needs - after mixing, the 
method (Hunter, J.Solid StateChem., 39,142 (1981)) of heat-treating at 600 to 650 degree C, and making 
decompose lithium salt and heat-treating at further 800 to 900 degree C is common 
[0004] However, when LixMn 204 of the Spinel structure obtained by doing in this way was used as a 
positive active material, there was a problem that a cycle property was also bad, small [ the service 
capacity of the lithium secondary battery obtained ]. The lithium cell property of LixMn 204 obtained in 
order that sintering might progress and a spinel compound with a small specific surface area might 
generate, if Manev and others used Mn (J. Power Sources, 41,305 (1993)) 203 as a raw material and it 
calcinated above 600 degrees C shows a bird clapper bad, and it is shown clearly that an electrolytic 
manganese dioxide or chemosynthesis manganese dioxide is suitable as a raw material. It will be set to 
the following two if the method of manufacturing LixMn 204 of an amount-on-hand performance is 
mentioned. One is a synthesis method by Tarascon and others (J. Electrochem.Soc, 139,937 (1992)), 
and by this method, it makes a manganese raw material an electrolytic manganese dioxide, uses a 
lithium carbonate or a lithium for lithium salt, repeats the process of baking at 800 degrees C, annealing, 
and trituration 3 times, and is manufacturing LixMn 204 of the Spinel structure which was excellent in 
the cell property. However, this method has the difficulty manufacture not only takes a long time, but 
that a manufacturing cost becomes high. Another is a synthesis method called melting sinking-in method 
by Yoshio and others (J. Power Sources, 54,483 (1995)). At this synthesis method, a lithium nitrate and 
a lithium hydroxide are used for lithium salt, and LixMn 204 of the Spinel structure which was 
excellent in the cell property can be manufactured in 1 time of a baking process. However, it also has the 
trouble of a lithium nitrate being not only difficult for hygroscopicity to be strong and to maintain a 
lithium and manganese at a predetermined mole ratio, but generating NOx of the quality of an 
environmental pollutant generated iat the time of baking. In order that a lithium hydroxide may also 
absorb the carbon dioxide gas in air and may generate a lithium carbonate, careful cautions are required 
for preservation of a raw material and management, and it is unsuitable for industrial production. 
[0005] 

[Problem(s) to be Solved by the Invention] this invention is made in view of the technical problem 
which this conventional technology has, and offers the manufacture method of Spinel structure LixMn 
204 for lithium secondary batteries which enables large increase of the service capacity of the lithium 
secondary battery which makes LixMn 204 of Spinel structure a positive active material ~ it aims at 

things 

[0006] 

[Means for Solving the Problem] this invention was attained by having ground after cooling and 
calcinating a t 700 to 750 further hot degree C , after having been made ih view of the technical problem 
of this conventional technology, having set particle size of a raw material electrolytic manganese 
dio?adej o _10 micro meters or less, setting the mole ratio of a lithium and manganese t o 0.51-0.5 3 and 
calcinating by the melting decomposition temperature of a lithium carbonate 
[0007] That is, it aims at that this invention suppresses the fall of a surface area although sintering 
progresses by choosing as a manganese raw material manganese dioxide to which sintering cannot 
progress easily, and making particle size small. Since the particle size of the manganese dioxide particle 
is setting to 10 micrometers or less, t he uniform distribution nature at the time of mixture of a lithium 
carbonate and manganese dioxide increases from the case where the usual electrolytic manganese 
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dioxide for alkaline cells (about 40 micrometers of mean particle diameters) is used, remarkably. For 
this reason, the difference in a local Li/Mn ratio is lost, and inactive Mn 203 and generation of 
Li2Mn03 can be prevented electrochemically. If it does not pass through the process of trituration 
mixture and re-baking like Tarascon and others in order that the difference in a local Li/Mn ratio may 
arise and Hn 203 and Li2Mn03 may generate, if an electrolytic manganese dioxide with a big particle 
size is used, S pineLsJ ructure UxMn 2Q4jftdiich was excellent in the cell property is uncompoundable. a 
lithium carbonate and manganeseBi oxide — 400 degrees C — reacting — oxygen — a rich spinel 
compound not only generates, but composition takes a long time synthetic temperature — more than the 
melting temperature of a lithium carbonate - carrying out (600 to 650 degree C) -t a lithium carbonate 
serves as a liquid and, for a wrap reason, the homogeneity of a distribution of Li and Mn will improve a 
front face further rather than the time of mixture It becomes a solid-liquid reaction, and a reaction also 
. generates a spinel compound within [ in 10 hours ], and its operation nature also improves, the spinel 
compound generated at this time — an X diffraction (XRD) — like — a single phase — it is — a cubic 
system lattice constant - oxygen 8.2A or less - it is the small compound of rich service capacity 
Although generation of an impurity phase was not accepted in XRD, after grinding in order to make 
disappearance of Mn 203 or a Li2MnO three phase circuit into a more positive thing, LixMn 204 of the 
Spinel structure which calcinates at 700 to 750 degree C, and is made into the purpose was compounded. 

[0008] 

[Function] since doing a remarkable effect so has a particle size of a raw material manganic acid ghost 
smaller than Spinel structure LixMn 204 compounded by the method using the lithium carbonate of the 
Spinel structure LixMn204 former obtained by this invention, and a lithium carbonate flises since the 
distribution of a lithium carbonate and a manganic acid ghost raises temperature to the melting 
temperature of a bird clapper and a lithium carbonate uniformly and it reacts with a manganic acid 
ghost, it is for the reaction of a manganic acid ghost and a lithium to advance to homogeneity promptly 
For this reason, by the synthesis method of this invention, neither Mn 203 of an impurity nor Li2Mn03 
generates. When this uses as a lithium secondary battery positive active material, it is the cause by 
which service capacity becomes large. 
[0009] 

[Example] Hereafter, based on an example etc., this invention is explained concretely. 
[Example 1] Trituration mixture of 20g of electrolytic manganese dioxides and the 4.2434g (Li/Mn 
ratio : 0.524) of the lithium carbonates is carried out, and it puts into an alumina container. This 
specimen container was paid to the electric furnace, the temperature up was carried out from a room 
temperature to 600 degrees C in 6 hours, and it held at 600 degrees C for 10 hours. It cooled to the room 
temperature in 1 hour, and the sample was taken out. Neither Mn 203 nor the peak of Li2Mn03 existed 
in the XRD view of this sample, but the diffraction peak of only LixMn 204 was accepted, if a lattice 
constant is calculated from a diffraction peak - 8. 19A ~ it is — oxygen — the rich spinel compound is 
generating In order to decrease an oxygen content, when this sample was calcinated at 750 degrees C for 
24 hours, the value of a lattice constant increased to 8. 22 A. The lithium secondary battery shown below 
by making this sample into a positive active material was constituted. In addition, the argon performed 
activity to the lithium secondary battery in the dry box under atmosphere using the cell for charges and 
discharges with a bore of 18mm. the inside of drawing 1 , and 1 - a negative-electrode terminal and 2 — 
an insulator and 3 — a negative-electrode collecting electrode plate and 4 — a metal lithium and 5 ~ a 
separator and 6 — a glass-filter filter paper and 7 - a positive electrode - a mixture and 8 show a 
positive-electrode terminal a positive electrode — conductive binder lOmg was added to 25mg of LixMn 
204 obtained as a mixture, and after considering as the shape of a film, it was stuck to the collecting 
electrode plate made from stainless steel by pressure as 18phimm Charge and discharge were repeated 
on the voltage of the range of 4.5-3.5 V by 1mA current using what dissolved LiPF6 (1 mole/1) in 1 :2 
mixed solvents of an ethylene carbonate and a dimethyl carbonate as the electrolytic solution. The cycle 
property of this cell is shown in drawing 2 . The service capacity of 1 cycle eye is 129 mAh/g, and 
shows the service capacity of 122 mAh/g also by 50 cycle eye. 
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[The example 1 of comparison] The electrolytic manganese dioxide of about 40 micrometers of mean 
particle diameters was used for the manganese raw material, and it compounded on the same conditions 
as an example 1. If XRD measurement of an end product is performed (311), the peak of Mn 203 will 
be accepted in a low angle side from the peak of a field. For the 1st service capacity of this sample, it 
does not pass to 90 mAh/g, but compares with an example, and 40 mAh/g is also a low. Wh en re-baking 
of 24 hours was given twice for this sample at trituration and 750 deg Eee^JCthe peak of Mn 203 
disappeared from the XRD view. Moreover, service capacity also increased to 120 mAh/g. 
[The example 2 of comparison] LixMn 204 was compounded according to the method of an example 1, 
having used the mole ratio of a lithium and manganese as 0.50 or 0.54. In the mole ratio 0.50, it has 
checked from XRD that Mn 203 carries out a byproduction, and Li2Mn03 carries out a byproduction 
by the mole ratio 0.54 on the other hand. Mn 203 carries out a byproduction by the mole ratio 0.50 — a 
raw material electrolytic manganese dioxide - a sulfuric-acid solution - 1 wt% - it will be because it 
contains In mole ratios 0.51 and 0.53, since LixMn 204 of a single phase generates, the range of the 
mole ratio of a lithium and manganese of this synthesis method being applicable is 0.51-0.53. 
[0010] 

[Example 2] Trituration mixture of 20g of electrolytic manganese dioxides and the 4.2434g (Li/Mn 
ratio : 0.524) of the lithium carbonates is carried out, and it puts into an alumina container. This 
specimen container was paid to the electric furnace, the temperature up was carried out from a room 
temperature to 600 degrees C in 6 hours, and it held at 600 degrees C for 10 hours. The temperature up 
was carried out to 750 degrees C in 1 more hour, and it calcinated at 750 degrees C for 24 hours. The 
product was LixMn 204 of a single phase, and thie lattice constant was the same value as 8.22A and an 
example 1. A charge-and-discharge curve is shown in drawing 3 . The configuration of a discharge 
curve is the same as the sample of an example 1, and the service capacity of 1 cycle eye became small 
slightly rather than the example 1 by 124 mAh/g. 
[0011] 

[Effect of the Invention] it explained above — as — an electrolytic manganese dioxide and a lithium 
carbonate 10 micrometers or less — 600 to 650 degree C - calcinating — oxygen — afl:er considering as a 
rich spinel compound, by finally calcinating at 700 to 750 degree C, service capacity is large and LixMn 
204 which was excellent in the cycle property is obtained 



[Translation done.] 
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[0001] 
[Claims] 

1. A method of production of a spinel compound having a 
Li/Mn atomic ratio of 0.51-0.53, wherein manganese dioxide 
having a particle size of lOym or smaller and lithium 
carbonate are fired at 600-650°C and again fired at 700- 
800°C. 

2. An anode for lithium secondary battery, wherein said 
spinel compound is used as an active anode substance. 
[0002] 

[Detailed Explanation of the Invention] 
[Field of Use in the Industry] The present invention 
relates to a method of production of spinel structure 
LixMn204 which is used for an active anode substance in a 
lithium secondary battery having an intercalation compound 
such as metallic lithium or lithium-graphite (lithium- 
carbon) as an active cathode substance. 
[0003] 

[Prior Art and Problems] The main method of production of 
spinel structure LixMn204 is generally the method (Hunter, J. 
Solid State Chem., 39, 142 (1981)) in which lithium 
carbonate and MnaOa or Mn304 are mixed to a prescribed molar 
ratio, then heated at 600-650°C to decompose the lithium 

1 Numbers in the margin indicate pagination in the foreign text. 
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salt, and further heated at 800-900*^0. 

[0004] However, when spinel structure LixMn204 obtained in 
this manner was used as an active anode substance, there was 
a problem that the discharge capacity of the obtained 
lithium secondary battery was small and the cycle 
characteristic was poor. Manev et al. (J. Power Sources, 
41, 305 (1993)) show that when MnaOs is used as a raw 
material and it is fired at 600°C or higher, the 
characteristics of the obtained LixMn204 lithium battery 
become poor because sintering progresses and a spinel 
compound having a small relative surface area is produced, 
and they clarify that electrolytic manganese dioxide or 
chemically synthesized manganese dioxide is suitable as the 
raw material. Current methods of producing high-performance 
LixMn204 are the following two. One is a synthesis method by 
Tarascon et al. (J. Electrochem. Soc, 139, 937 (1992)), and 
in this method, electrolytic manganese dioxide is used for 
the manganese raw material and lithium carbonate or lithium 
is used for the lithium salt, and a process of firing at 
800°C, gradual cooling and pulverizing is repeated three 
times, whereby spinel structure LixMn204 having excellent 
battery characteristics is produced. However, in this 
method, not only does it take a long time for manufacturing, 
but there is a problem that the manufacturing cost also 
becomes higher. Another method is a synthesis method by 
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Yoshio et al. (J. Power Sources, 54, 483 (1995)), which is 
called melt immersion method. In this synthesis method, 
spinel structure LixMn204 having excellent battery 
characteristics can be produced in one firing process using 
lithium nitrate or lithium hydroxide for the lithium salt. 
However, lithium nitrate is strongly moisture absorbent and 
it is difficult to keep the lithium and manganese in a 
prescribed molar ratio, and not only that, there is also a 
problem that NOx is produced, being an environmental 
pollutant which is produced during firing. With lithium 
hydroxide as well, because it absorbs carbonate gas in the 
air to produce lithium carbonate, close attention to storage 
and control of the raw material is necessary and it is not 
suitable for industrial production. 
[0005] 

[Problems the Invention Attempts to Solve] The present 
invention was created in consideration of such problems of 
the prior art, and its purpose is to provide a method of 
production of spinel structure LixMn204 for lithium battery, 
with which the discharge capacity of a lithium secondary 
battery having spinel structure LixMn204 as active anode 
substance can be greatly increased. 
[0006] 

[Means for Solving the Problems] The present invention was 
created in consideration of such problems of the prior art. 
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and it was achieved by making the particle size of the raw 
material electrolytic manganese dioxide 10pm or smaller, 
making the molar ratio of lithium and manganese 0.51-0.53, 
firing at the melting decomposition temperature of lithium 
carbonate, then cooling and pulverizing, and further firing 
at a high temperature of 700-750°C. 

[0007] That is, the present invention has aimed to suppress 
lowering of surface area even if sintering progresses, by 
selecting manganese dioxide which tends not to undergo 
progressive sintering, and making the particle size smaller. 
Because the particle size of the manganese dioxide particles 
is made lOpm or smaller, the uniformity of distribution 
during mixture of lithium carbonate and manganese dioxide is 
markedly increased over the case when ordinary electrolytic 
manganese dioxide (average particle size about 40iim) for 
alkali batteries is used. Therefore, local differences of 
Li/Mn ratio are eliminated, and production of 
electrochemically inactive Mn203 and Li2Mn03 can be 
prevented. Because local differences of Li/Mn ratio arise 
and Hn203 <sic> and Li2Mn03 are produced if electrolytic 
manganese dioxide having large particle size is used, a 
spinel structure LixMn204 having excellent battery 
characteristics cannot be synthesized without subjecting to 
a process of pulverizing, mixing and re-firing as in 
Tarascon et al. Not only do lithium carbonate and manganese 
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dioxide react at 400°C to produce an oxygen-rich spinel 
compound, but it takes a long time also for synthesis. 
Because the lithium carbonate becomes liquid and covers the 
surface if the synthesis temperature is made greater than or 
equal to the melt temperature of lithium carbonate (600- 
650°C) , the uniformity of distribution of Li and Mn comes to 
be further improved than during mixing. The reaction also 
becomes a solid-liquid reaction, the spinel compound also is 
produced within 10 hours, and the operability also is 
improved. The spinel compound produced at this time is a 
compound being single phase in X-ray analysis (XRD) , having 
a cubic lattice parameter of 8 . 2A or less, being oxygen 
rich, and having a small discharge capacity. Although the 
production of impure phases in XRD is not acknowledged, 
because the disappearance of the MnaOa and Li2Mn03 phases is 
more assured, the intended spinel structure LixMn204 was 
synthesized by pulverizing and then firing at 700-750°C. 
[0008] 

[Operation] The reasons why the spinel structure LixMn204 
obtained by the 

11 

present invention has more prominent effects than the spinel 
structure LixMn204 synthesized by the conventional method 
using lithium carbonate are because the particle size of the 
raw material manganese oxide is small and therefore the 
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distribution of the lithium carbonate and manganese oxide 
becomes uniform, and the temperature is raised up to the 
melt temperature of lithium carbonate so the lithium 
carbonate melts and reacts with the manganese oxide, and 
therefore the reaction between the manganese oxide and 
lithium progresses quickly and uniformly. Therefore, in the 
synthesis method of the present invention, there is no 
production the impurities Mn203 and Li2Mn03. This is the 
reason why the discharge capacity becomes greater when it is 
used as an active anode substance of a lithium secondary 
battery. 
[0009] 

[Working Examples] Below, the present invention is 
explained concretely based on working examples, and the 
like. 

[Working Example 1] 20g electrolytic manganese dioxide and 
4.2434g lithium carbonate (Li/Mn ratio: 0.524) were 
pulverized and mixed and placed in an alumina container. 
This test material container was placed in an electric oven, 
the temperature was raised from room temperature to 600°C in 
6 hours, and the temperature was maintained at 600*^C for 10 
hours. The temperature was cooled to room temperature in 1 
hour, and the test material was extracted. In the XRD chart 
of this test material, there were no peaks of Mn203 and 
Li2Mn03 present, and an analytical peak only of LixMn204 was 
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acknowledged. The lattice parameter was computed from the 
analytical peak to be 8.19A, and an oxygen-rich spinel 
compound was produced. When this test material was fired at 
750°C for 24 hours in order to reduce the oxygen content, 
the lattice parameter value was increased to 8,22A. A 
lithium secondary battery shown below was constituted using 
this test material as the active anode substance. For the 
lithium secondary battery, a rechargeable battery having 
18mm inner diameter was used, and the constituting work was 
performed in a dry box in an argon atmosphere. In Fig. 1, 1 
is a cathode terminal, 2 is an insulating material, 3 is a 
cathode collector plate, 4 is metallic lithium, 5 is a 
separator, 6 is glass filter paper, 7 is an anode mixture, 
and 8 is an anode terminal. As the anode mixture, a 
conductive binder lOmg was added to 25mg of the obtained 
LixMn204 and made into a film, and then this was pressed to 
IScpmm on a stainless steel collector plate. An electrolytic 
solution having LiPFe (1 mole/1) dissolved in a 1:2 mixed 
solvent of ethylene carbonate and dimethyl carbonate was 
used, and charging and discharging were repeated at 1mA 
current and voltage in a range of 4.5-3.5V. Fig. 2 shows 
the cycle characteristics of this battery. The discharge 
capacity at the first cycle is 129mAh/g, and a discharge 
capacity of 122mAh/g is shown even at the 50th cycle. 
[Comparative Example 1] Synthesis was performed under the 
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same conditions as in Working Example 1 using electrolytic 
manganese dioxide having an average particle size of about 
40iJm for the manganese raw material. When XRD measurement 
of the final product was performed, a Mn203 peak was 
acknowledged on the low angle side of the (311) area peak. 
The discharge capacity at the first cycle of this test 
material is not more than 90mAh/g, and it is as much as 
40mAg lower than the working example. When this test 
material was subjected to a second time of pulverizing and 
re-firing at 750°C for 24 hours, the Mn203 peak disappeared 
from the XRD chart. Also, the discharge capacity was 
increased to 120mAh/g. 

[Comparative Example 2] Synthesis of LixMn204 was performed 
following the method in Working Example 1 with the molar 
ratio of lithium and manganese as 0.50 or 0.54. Mn203 was 
produced as byproduct with 0-50 molar ratio, on the other 
hand, Li2Mn03 was produced as byproduct with 0.54 molar 
ratio. This could be confirmed from XRD. The reason why 
Mn203 is produced as byproduct with 0.50 molar ratio is 
probably because the raw material electrolytic manganese 
dioxide contains lwt% sulfate radicals. From the fact that 
single-phase LixMn204 is produced with 0.51 molar ratio and 
0.53 molar ratio, the present synthesis method can be 
provided with a molar ratio of lithium and manganese in a 
range of 0.51-0.53. 
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[0010] 

[Working Example 2] 20g electrolytic manganese dioxide and 
4,2434g lithium carbonate (Li/Mn ratio: 0.524) were 
pulverized and mixed and placed in an alumina container. 
This test material container was placed in an electric oven, 
the temperature was raised from room temperature to 600°C in 
6 hours, and the temperature was maintained at 600°C for 10 
hours. The temperature was further raised to 750°C in 1 
hour, and firing was performed at 750°C for 24 hours. The 
product was single-phase LixMn204/ and the lattice parameter 
was 8.22A, being the same value as in Working Example 1. 
Fig. 3 shows the charge-discharge curve. The shape of the 
discharge curve was the same as that of the test material in 
Working Example 1, and the discharge capacity at the first 
cycle was 124mAh/g, being slightly smaller than that of 
Working Example 1. 
[0011] 

[Effect of the Invention] As explained above, LixMn204 
having large discharge capacity and excellent cycle 
characteristics is obtained by firing lOjim or smaller 
electrolytic manganese dioxide and lithium at 600-650°C to 
make an oxygen-rich spinel compound, and then finally firing 
at 700-750^C. 

[Brief Explanation of the Drawings] 

[Fig. 1] is a sectional view showing the structure of a 
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lithium secondary battery pertaining to the present 

invention . 

[Fig. 2] is a graph showing the relationship between cycle 
number and discharge capacity of LixMn204 obtained by the 
present invention . 

[Fig. 3] is a graph of charging and discharging of LixMn204 
obtained by the present invention. 
[Explanation of the Symbols] 

1 Cathode terminal 

2 Insulating material 

3 Cathode collector plate 

4 Metallic lithium 

5 Separator 

6 Glass filter paper 

7 Anode mixture 

8 Anode terminal 

9 Charge curve 

10 Discharge curve 
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